FHX (FOXJ2) is a recently characterized human fork head transcriptional activator that binds DNA with a dual sequence speci®city. We have cloned the cDNA for the mouse orthologue Foxj2 and characterized its expression in the gonads and along the early pre-implantation development of the mouse. In the testis, Foxj2 is expressed from pachytene spermatocytes to round spermatids, but not in spermatogonia. In addition to the germ lineage, only Sertoli cells of the testis showed expression of Foxj2. In the ovary, only granulosa cells of the follicles express the factor. Neither mature spermatozoa nor oocytes showed expression of Foxj2. Foxj2 expression is early activated in zygotic development, being detected since as early as 8-cell stage embryos. Both cell layers of the blastocyst: the trophectoderm (TE) and the inner cell mass (ICM), express Foxj2. q
Results and discussion
The fork head/HNF3 family comprises a group of transcription factors characterized by a shared DNA binding domain, known as fork head or winged-helix domain. More than 100 members of this family have been identi®ed in different organisms, from yeast to humans, with the notably exception of green plants (for review, see Kaufmann and Knochel, 1996) . We have recently reported that FHX (FOXJ2 in the new standardized nomenclature (Kaestner et al., 2000) ), a novel human fork head factor that binds DNA with a dual sequence speci®city (Perez-Sanchez et al., 2000b) , can be expressed as two isoforms, FHX.L and FHX.S, different in their C-terminal ends (Perez-Sanchez et al., 2000a) . Although both isoforms activate transcription, FHX.L is a more potent transactivator. In humans, FHX is expressed in many tissues of the adult, although at different levels. We wanted to analyze the expression of FHX in the male germ cell lineage and along the embryonic development of the mouse. A cDNA for the mouse orthologue, Foxj2, was obtained from a brain cDNA library. Foxj2 cDNA spanned a total of 2756 nucleotides, which showed an open reading frame of 1695 nucleotides encoding a putative polypeptide of 565 amino acids equivalent to the human FHX.L isoform (Fig. 1) . Only differences are shown, identities are indicated by dots. Domains I, and II, the Pro/Gln-rich domain, and the`acidic blob' are boxed (Perez-Sanchez et al., 2000a) .
Northern blot experiments showed a single Foxj2 mRNA band of 6.5 Kb in all tissues analyzed ( Fig. 2A) . As with the human gene, murine Foxj2 can be expressed as two different isoforms, Foxj2.L and Foxj2.S. Small intestine, liver, skeletal muscle and ovary showed expression of the Foxj2.S isoform. The longer form Foxj2.L showed a broader tissue distribution, being expressed in many tissues (data not shown).
In situ hybridization experiments using cryo-sections of 14.5 days p.c. mouse embryos showed strong Foxj2 signals in many tissues of the foetus (Fig. 2B) . Control sections hybridized with the sense probe showed no hybridization signal (data not shown). The hybridization signals were not homogeneously distributed, indicating that not all cell types expressed the factor. Therefore, despite its ample P-labelled GAPDH probe as a control of RNA loading. Liver, small intestine, and spleen also showed Foxj2 expression but at lower levels (not shown). The smaller bands observed in all lanes and the stronger band detected in testis are unspeci®c. (B) Expression of Foxj2in foetal mouse tissues. In situ hybridization of cryosections of 14.5 days post-coitum mouse embryo. A 380 nucleotides digoxigenine-labelled Foxj2 antisense riboprobe was used as indicated in Experimental procedures. (1) mnf, metanephros; g, glomeruli; (2) li, liver; s, stomach; (3) smg, submandibular gland; a, acini; (4) sg, spinal ganglia; c, chondrocytes of developing bones; (5) li, liver; lu, lung; e, epithelium of internal cavities of the developing lung; (6) le, lens epithelium; r, retina; (7) ep, epidermis; vf, vibrissae follicle. Different parts of the brain and teeth primordia also showed strong hybridization signals (not shown). The sense probe, used as control, did not show any discernible signal. Fig. 3 . Expression of the Foxj2 mRNA during post natal development of the testis. Northern blot analysis of 10 mg of total RNA isolated from the seminiferous ephitelium of testes from mice at different ages, as indicated above each lane. Ad, adult mouse testes. Blot was hybridized with the same distribution, Foxj2 expression, rather than ubiquitous, appeared to be cell type restricted.
Northern blot experiments with total RNA from testes of young mice of different ages showed that at day 7 post natal (pn), when meiosis has not yet started, the level of the Foxj2 mRNA was rather low. However, by day 15 pn the Foxj2 mRNA levels were much higher, coincident with the increase in pachytene spermatocytes (Fig. 3 ) (reviewed in Clermont et al., 1992) . In situ hybridization analyses with cryo-sections of adult mouse testes using a Foxj2-speci®c antisense riboprobe, showed strong hybridization signals in meiotic spermatocytes (primary and secondary) and postmeiotic spermatids (Fig. 4A) . No signal was observed in spermatogonia. Similar studies with isolated cells from seminiferous tubules of adult males con®rmed Foxj2 expression in spermatocytes and round spermatids, but not in elongating spermatids or spermatogonias (Fig. 4C) . Control sections of mouse testes and isolated germ cells, hybridized with the sense probe showed no hybridization signal. Among somatic cells of the testis, only Sertoli cells showed Foxj2 expression, as demonstrated by RT.PCR experiments (Fig. 4D) . Granulosa cells of the ovary, which share the same ontogenetic origin of Sertoli cells (McLaren, 1991) , also showed expression of Foxj2 in in situ hybridization experiments (Fig. 4E) . No signal was observed in the oocytes.
To determine the onset of Foxj2 expression at early developmental stages, we performed RT.PCR analyses with oocytes, zygotes, cleavage-stage embryos and 16±32 cell early blastocysts. No ampli®cation was observed with oocytes, zygotes and 2-cell embryos. Foxj2 transcript was RT-PCR analyses of Foxj2 expression in early stages of the pre-implantation development of the mouse. RT-PCR experiments were performed with total RNA from oocytes, zygotes, two-cell embryos, 8-cell embryos, compacted morulae, blastocysts, and 7.5 and 12 days post-coitum mouse embryos. The cDNAs were ampli®ed with primers speci®c for Foxj2 (FHX-1620 and FHX-1911C) and the ampli®ed fragments were resolved on a 1.3% agarose gel. The autorradiogram of the Southern blot of the gel, hybridized with a Foxj2-speci®c probe is shown. As in Fig. 4D , RT-PCR experiments with primers speci®c for the cDNA of the ribosomal protein S16 were carried out in parallel, as a control of the retro-transcription. The right part of the ®gure shows a longer exposure of the same Southern blot, to better distinguish the Foxj2 signal of the 8-cell stage embryos and its absence in earlier stages. PCR conditions were: 30 cycles of 30 s at 948C, 30 s at 608C and 1 min at 728C. The ampli®ed fragments were electrophoresed on 1.3% agarose gels, transferred onto nylon membranes and hybridized with a labelled probe derived from the Foxj2 cDNA. (B). In situ hybridization of murine blastocysts cultured in vitro with the digoxigenine-labelled Foxj2 antisense riboprobe. ICM, Inner Cell Mass; TE, Trophectoderm. Control experiments with the sense probe did not show any signal (not shown). (C). Expression of Foxj2 in mouse embryonic stem (ES) cells. Total RNA from in vitro cultured ES cells (line 14KP2) was used in RT-PCR experiments with primers speci®c for Foxj2 (FHX-1620 and FHX 1911C as above). The ampli®ed products were electrophoresed on 1% agarose gel, transferred onto nylon membranes and hybridized with the Foxj2 speci®c cDNA labelled-probe. RT-PCR experiments with primers speci®c for the cDNA of S16 ribosomal protein were used as control.
®rst detected in 8-cell embryos and 8±16-cell compacted morulaes, concomitant with the loss of the full developmental potency of the blastomeres. Higher levels of Foxj2 expression were observed in blastocysts (Fig. 5A) . In situ hybridization experiments of blastocysts indicated that Foxj2 expression was not restricted to the ICM or the TE, since both cell lineages showed positive hybridization signals (Fig. 5B) . In agreement, RT.PCR experiments with total RNA from cultured embryonic stem cells, showed expression of Foxj2 (Fig. 5C ).
Experimental procedures

Cloning of murine Foxj2 cDNA
A l gt-11 cDNA library from adult mouse brain was screened according to standard procedures (Ausubel et al., 1998) , with labelled probes derived from the human FHX cDNA. Clones were automatically sequenced with an ABI-377 sequencer (Applied Biosystem).
RNA isolation and Northern blots
RNAs were extracted by the acid guanidinium phenol chloroform (AGPC) method (Chomczynski and Sacchi, 1987) , and separated on formaldehyde agarose gels, transferred onto nylon membranes, and hybridized with labelled probes, following standard methods (Ausubel et al., 1998) .
In situ hybridization
A digoxigenine-labelled antisense riboprobe speci®c for Foxj2, from nucleotide 2271 to 1117 with respect to the initiator ATG, was used. In situ hybridization was carried out following published procedures (Strahle et al., 1994) . Dispersed testicular cells were prepared as described (del Mazo et al., 1986) . Cryo-sections of embryos, adult testes and ovaries, and dispersed testicular cells and blastocysts were ®xed in 4% paraformaldehyde in PBS at 48C.
Sertoli cells puri®cation and RT-PCR
Sertoli cells were puri®ed from 17 dpn CD-1 mice as described in (Mather and Phillips, 1984) . RT-PCR was performed with primers speci®c for Foxj2, common to both isoforms and derived from different exons (FHX-1620: 5 H -CATCAGCACCATCCCCACTC-3 H and FHX-1911C: 5 H -GGGGCACGTGACCAGTCTGAGT-3 H ). As control, speci®c primers for the cDNA of the ribosomal protein S16 (S16sense: 5 H -AGGAGCGATTTGCTG-TGTGGA-3 H and S16antisense: 5 H -GCTACCAGGCCT-TTGAGATGGA-3 H ) were used in RT.PCR experiments run in parallel with the same RNA samples. PCR conditions were: 2 min denaturation (948C) and 30 cycles of ampli®ca-tion performed in the following conditions: 30 s at 948C, 30 s at 608C and 1 min at 728C.
Accession numbers: The sequence data have been submitted to the GenBank under accession number: AF-253052.
